; D a n i e l e w i c z , Pa w l a c z y k 2006). However, despite abundant data on the occurrence of lichens on oak bark, the lichen biota of this phorophyte has not been studied thoroughly and extensively.
In Poland, the genus Quercus is represented by three native species (Q. robur, Q. petraea, Q. pubescens) and several alien, mostly North American, species. Quercus rubra L. is the only taxon of many introduced species to have acclimatised in natural forest habitats in Poland (K r ó l 1967; H e r e ź n i a k 1992). At the same time, the number of introduction sites and its total cultivation area exceed those of all other ACTA MYCOLOGICA Vol. 41 (2): 319-328 2006
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deciduous species introduced in Polish forests (D a n i e l e w i c z , Pa w l a c z y k 2006). Quercus rubra is native to eastern parts of North America. It usually grows in lowland and submontane areas, and reaches 1600 m above sea level in the mountains (B r o w i c z 1953). Its native range covers the area from Nova Scotia in the north to Alabama and Texas in the south, reaching the belt of Central American prairies in the west, and it generally corresponds to the eastern (Appalachian) forest region where deciduous forests that lose their leaves for winter are the basic type of vegetation (Appalachian oak forest region) (Po d b i e l k o w s k i 1995). In the native range, Quercus rubra grows on a variety of soils and in topographically diversified areas, often forming pure stands.
Species of the genus Quercus, both native and acclimatised, have usually been treated inclusively in lichenological research in Poland. Although some authors draw attention to the interesting lichen biota of red oak (Z a l e w s k a et al. 2004 ), only few provide extensive relevant information (Ty s z k i e w i c z 1935; D z i a b a s z e w s k i 1962; G l a n c 1969; G l a n c , K a p u ś c i ń s k i , K r ó l 1971; K u k w a 2002; K u b i a k 2005). The lack of detailed studies on species diversity, particularly important in the case of Q. rubra, the most widespread of alien species, encouraged the present author to examine the lichen biota of this phorophyte in depth.
STUDY AREA
Quercus rubra sites located in the Olsztyn Lake District in the municipal forests of the city of Olsztyn, in the Las Warmiński reserve and the Kamienna Góra reserve as well as in forest sections 51, 104 and 523 of the Nowe Ramuki forest district were examined. The sites are usually mid-forest cultivations covering a total surface area of 0.10-0.05 ha. The tree forms avenues, and occurs along section lines or forest roads less frequently. Single trees, probably self-sown, are also noted. The oldest sites of Quercus rubra in the area date back to the 1880s and are mostly the remains of Experimental Forest Areas established by German foresters (cf. Tu m i ł o w i c z 1965, 1967) . The majority of the study sites come from this period.
The Olsztyn Lake District belongs to the western part of the Masurian Lake District (K o n d r a c k i 1998). The region is characterised by significant terrain diversification. Rolling uplands of the clayey ground moraine constitute the northern part of the Olsztyn Lake District, while hilly uplands and kettles in outwash plains, built from sands and gravels covered by expansive forests called the Nidzica Forest (Z a r ę b a 1978), abundant in lakes, form the southern part. The altitudes of moraine hills along the peripheries of the mesoregion slightly exceed 200 m above sea level and are significantly lower in the central part.
A greatly diversified plant cover is a feature of the Olsztyn Lake District, located in the transitional zone where elements of the oceanic and continental climates clash. Occurrence ranges of numerous plants, including forest-forming trees, characteristic both of central and western Europe (Atlantic flora) and of northern Europe (subboreal and boreal species), run and cross in the area. 
MATERIAL AND METHODS
Detailed field studies were conducted in 2005. Data collected by the author in the period between 1999 and 2005 were additionally used. In total, 16 Querqus rubra sites located within forest complexes previously studied lichenologically were analysed. Critical taxa (sterile sorediate lichens, species of the genus Usnea) were determined using chromatography methods (TLC), performed according to the procedures specified by O r a n g e , J a m e s and W h i t e (2001) The collected herbarium material is deposited in the Herbarium of the Department of Mycology, University of Warmia and Mazury in Olsztyn (OLTC-L). The taxa are listed alphabetically. Source studies are specified in the case of taxa reported in earlier publications. The number of sites and their general location is given for the taxa recorded in the present study (Tab. 1).
RESULTS
A total of 55 species of lichens and 4 species of lichenicolous fungi were recorded in the study sites (Tab. 1). Between 11 and 25 species were recorded in individual sites, and 19 species on average. Taxa with crustose thalli dominate (39 species); lichens with foliose thalli (8 species) or with fruticose thalii (5 species) and dimorphic species (Cladonia spp.; 4 species) are less numerous. (Fig. 4) . Ten (17.9%) of the species given are protected in Poland, including one partially protected (Evernia prunastri) and 9 fully protected (Melanelia fuliginosa, Parmelia saxatilis, Parmeliopsis ambiqua, Platismatia glauca, Pseudevernia furfuracea, Ramalina farinacea, Usnea filipendula, Usnea subfloridana, Vulpicidia pinastri).
DISCUSSION
Quercus rubra is mostly a large tree with a thick, straight, regular trunk and a wide, spreading crown. Outer bark in young red oaks, up to 40 years old, is smooth, steel-grey or dark grey, and furrowed or with flat-topped ridges in old trees. Quercus rubra differs from native oaks (Q. robur, Q. petraea) both by the habit as well as the structure and thickness of outer bark. The trunk of Quercus robur, which tends to branch out low above the ground (massive lateral boughs), is covered with thick, deeply furrowed, dark brown outer bark. Both these features as well as other factors influence species composition of lichens associated with this phorophyte. These differences are emphasised by B a r k m a n (1969), who classifies Quercus rubra along such porophytes as Fagus sylvatica and young specimens of Quercus robur and Q. petraea. Chemical properties of Fagus sylvatica periderm (low pH) are similar to those of Quercus robur and Q. petraea; it differs from them, however, by the bark relief and the crown shape. These differences are not as pronounced in the case of red oak and beech.
The lichen biota of both oak and beech has not been studied extensively in Poland. Ru t k o w s k i and Ku k w a (2000) list 88 taxa, including 51 beech epiphytes and 77 oak epiphytes, in their analysis of the lichen biota of beech trees (Fagus sylvatica) and native oaks (Quercus robus and Q. petraea) in 24 sites in Northern Poland. The list comprises 40 taxa common for both trees (45.4%).
As these findings show, the lichen biota of red oak seems to be quite diversified and is comparable with native oaks, and especially beech. It should be stressed, however, that the study by Ru t k o w s k i and Ku k w a (2000) does not fully reflect species differentiation of its epiphytes in Northern Poland, particularly oak. It only includes a small number of sites in North-Eastern Poland, where, according to C i e ś l i ń s k i (2003a), 234 lichens of this phorophyte were recorded. C i e ś l i ń s k i (2003a), however, does not differentiate oak species, and the findings may concern various taxa. Therefore, the information provided by Ru t k o w s k i & Ku k w a (2000) is of greater value in the assessment of lichen biotas of native oak species and beech and red oak. The similarity of lichen biotas (Jaccard's coefficient) of native oaks and beech, given in the study by Ru t k o w s k i and Ku k w a (2000), and the lichen biota of red oak is 32% for red oak and native oaks, and is slightly higher and equals 34% for red oak and beech. The total, aggregated number of epiphytes of oak and beech equals 109, including 22 taxa recorded exclusively on the bark of Quercus rubra.
The provided data show that the phorophytic profile of Quercus rubra significantly differs from that of other, native oak species. The species has its own specific lichen biota which consists of many interesting taxa. As a result of the review of the Polish lichenological literature, additional 19 lichen species reported from the bark of red oak were recorded. Of those, 11 taxa were not observed in the Olsztyn Lake District. The list of lichens of red oak in Poland comprises in total 63 lichen species and 4 species of lichenicolous fungi. This biota should be considered to be rich, especially as its differentiation appears to be similar to that recorded in the areas of the native range of this phorophyte. The number of taxa colonising the bark of Quercus rubra in its native occurrence range is small although the fact that its trunks are often abundantly covered by lichens is stressed (cf. As the surface area covered by deciduous forests of the class Querco-Fagetea, associated with the richest lichen biotas in lowland regions, has been declining (C z y ż e w s k a 2003), Quercus rubra, a phorophyte characterised by a broad ecological scale and potentially rich lichen biota, may play an important role in the preservation of lichen species diversity in forest phytocoenoses. The biocoenotic function of red oak, underestimated so far, may be of certain use in cultivated forests located outside or on the limit of the native occurrence of beech. Special attention should be paid to the occurrence of Lecanora albella, a species belonging to a group of lowland old-growth forest indicators, on the bark of red oak (cf. C i e ś l i ń s k i , C z y ż e w s k a , Fa b i s z e w s k i 2003). The phorophyte has been reported on the bark of red oak both in the Olsztyn Lake District and Gdańsk Pomerania (Ty s z k i e w i c z 1935). According to Fa ł t y n o w i c z (1991), Lecanora albella is in particular associated with beech bark in Western Pomerania. It occurs on a variety of deciduous species in North-Eastern Poland (C i e ś l i ń s k i 2003a) and exemplifies ecological vicarism (cf. B a r k m a n 1969; Fa ł t y n o w i c z 1991; Z a l e w s k a 2000). In the Olsztyn Lake District, the species was recorded in the city forest in Olsztyn where many other lichen lowland old-growth forest indicators also occur (K u b i a k 2005). CONCLUSIONS 1. The epiphytic biota of Quercus rubra as a phorophyte is characteristic, diversified and rich, and it comprises 63 lichen species and 4 species of lichenicolous fungi.
2. Species of rare lichens, both threatened with extinction (Lecanora albella, Melanelia olivacea, Ochrolechia androgyna, Usnea subfloridana) and differentiated very rarely (Fuscidea arboricola, F. pusilla, Lecidella subviridis, Ropalospora viridis) , were recorded on the bark of red oak in Poland.
3. As well as having many biocoenotic functions, red oak may play an important role in preserving lichen biodiversity in the forest environment in Poland. Porosty dębu czerwonego Quercus rubra w środowisku leśnym Pojezierza Olsztyńskiego S t r e s z c z e n i e W wyniku przeprowadzonych badań własnych oraz przeglądu krajowej literatury lichenologicznej odnotowano 63 gatunki porostów oraz 4 gatunki grzybów naporostowych występują-cych na korze Quercus rubra. Podczas szczegółowych badań nad porostami epifitycznymi tego forofitu, przeprowadzonych na 16 stanowiskach w lasach Pojezierza Olsztyńskiego, stwierdzono 56 taksonów, w tym szereg gatunków rzadkich. Wyróżniona na obszarze Pojezierza biota liczy 11 gatunków umieszczonych na krajowej "Czerwonej Liście" oraz 14 porostów objętych ochroną gatunkową. Do szczególnie interesujących taksonów zaliczyć należy: Fuscidea arboricola, Lecanora albella, Lecidella subviridis, Ochrolechia androgyna i O. turneri.
